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(54) Biomedical materials 

(57) The present invention provides a biomedical 
material comprising a shark-denved collagen; a bio- 
medical material conprising a shark-derived ooOagen 
and hydroxyapatite: and methods for preparing the 
sama Since the biomedcal materials of the invention 
conrprise a shark-derived collagen which Is low in anti- 
genicity and high in bioconrpatitMrrty, they do not cause 
rejection arxi they produce effects of good adhesion to 
organisns and easy remodeling when they are used as 
artificial skin, artrfidal tendon, artificial bone, surgical 
suture or the like They also have an effect that they do 
not leave a prominent scar ¥vhen the wound has been 
cured. Further, the biomedical materials of the invention 
are excellent in mechanical strengttv Thus, when used 
as artificial sMn. they are hard to tear, good for tightly 
adhering and capable of folfowing the movement of a 
joint well. 
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Doscrtpaion 

l^ACKGRQUN D OP TR^ IMVEMTIOM 

1.1. Reldof ttie Irwention 

Tho present irwomion rdatos to bicmrtGdte&l frateriate comprising an eniract from Chondrichthy^ Moro ^pedftcaOy, 
the present invention relates to biomedloaJ materials using Chondrichthyes-derived cdlagen v^ich &e eppB^e as 
various imptant matoials such as a v^^ound covor artiftcal ^n, artifidol bone. artSicial cstilago and artiliciaJ tendon, 
as wdl as methods tor preparing aich biomedical nst^al& 

1 .2. Description of the Prior Art 

When a bone defect has oompii^ed due to some lesion such as an injury, osteortais or inherent (Ss^se. &te fill- 
ing of the defect nmy bo therapauticaJly ncct^sary. Ai&>, when sfdn has been damaged by some injury such as a burn, 
especially vvhen a part of tho sfdn has been lo3t in fulKthideiess or atm:^ full-thickness, fling rr»y be necossary. 

ConventsonaDy. isfhen fOIing a bone defect an autologous bone graft taken from other jbiX of the patient body such 
as the IDium or the fibula has been used if the defect is not so big. When fining a big bone defect in the ^letal system, 
an artificial bone has been preyed ising a ceramic of metals such as titanium, alumina and arconia or cra'des thereof, 
a ceramic such as apatite and a connposite n^eriat of these substances to {hereby supplement the defect 

When f (IGng a sidn defect, a rton-bioabsorbable or bioateofinble. sheet-type ufound cover or artif ical sidn has been 
used. The term \yound oovef' i^ed herein means a n^terial vvhtch merely covers the site of shin defect physically, and 
the term "artificial ston" used herein means a laibstitute sfdn vvhich has the possibility of talQng the place of ^n grafting. 

As a non-bioabsorbabld thin sheet-type traund cover, a thin, da^c, synthetic polyvner sheet made from poly- 
ur^hane. silicone or the like may be given. As an bioabsorbable wound cover, freez&dried porcine corium. a sheet 
made of chitin. collagen, alginic acid and the are knoKm, In addition to these sheet-type i;^und oovo^ po^er of a 
cellulose derivative is also Imo^ vi^hich is applied to the injured site to form a sheet thereon. As artificial sidn. one com- 
posed of cell-f^ rralerials and a ounured shm vyhich is obtained by tiRfo-dlmentior»lly culturing human epiderrral cells 
are knovtm. As a nwterial for the former artificial sSdn. spongy collagen is toiovvn. 

Those materials used for tho above-mentioned purposes are required, from the vie»vpolnt of organisms, to n^'fM 
positive functions and yet to fit compatibly organ^rs (i.e.. to have bboomf^tibility). Biocompatibility can t>e roughly 
divided into histocompatibOtty and biood compatilsDiy. When a n^erial of low btocompat&ility is embedded m or con- 
tacted with an organian. components elutcd from the material or wom out pieces d the material separated from its sur- 
fece penetrate into the tisue sunoundirtg die rroterial or ^ead in the organism through blood circulation to cause a 
systemic tissue reaction, which results in various problems such as necrosis of a tissue On the other hand, from the 
viewpoint of material itself, the above-mentioned materials are required not to deteriorate upon contact wi^ organisms 
and to maintain for a Q>ecific period of time physical and chemical properties that oouEd satisfy a required function. 

Further, these naterials should not differ greatly in mechanical prop^es from the tissues of organisms to which 
they are to be jointed. In other words, ^esB materials need to have mechanical biocon^)atibaity. This Is to prevent the 
occurrence of incompatible distortion or stress ooncentFat'on on or near the junction which may cause b'eakage or 
abnorn^ity at the junction and this make it impcssbf e for the jointed material to manifest the function of interest 

These materials are further required to be capable of perfect sterilization and cfisinfection and to be capable of 
standing these treatments. 

However, conventional materials described above have been pointed out to lave several problems. For SBcample, 
since metals are extremely high in strength, they are indispen^e as a substitute skel^on which Elects biofunctions. 
However, when a metal is used in fDling a bone defect an or^viism does not recognize the metal as a part of the self 
and. thus, a problem will occur in a long-term use. Even If the metal has been coated wHh a ceramic wftich is well t^o- 
compatible with the organism, there e a drawtsick that the ceramic will be shed from the metal during the course of use. 
Thus, this technique has not been put to practical use. 

Collagen is mainly used in wound covers and art^dal sWn and such collagen Is derived from bovine. It is loiown 
that bovine-derived collagen bas antigenicity. Thus, it is necessary to carry out a special trealm^ or use fetal collagen 
without antigenicity. 

There are blood groups in hurv^ Uood and n^or histooompatfbilit y anttgere in human tissues. It is well known 
that a transfuskm of blood not notching the blood gwup of a patient induces rejection that may eventually kill the 
patient. As such blood grou^. the ABO system, tho Rh system, the G system, the P system, the MN system and other 
blood groups are known. Accordingly, when a blood transfusion, bone nwow trart^lantation. organ tran^antation 
from a living donor, or tissue transplantation from a living donor is to be periormed, selection of a donor compatible with 
the patient in Uood group is very critical for maCdng the transfusion or tran^slantation suoc^sful. though it is difTicult to 
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find out a conrtplGtGty matching dormGr for irafiwdi^ psbents. 

Such a pr^em also enootrnto'cd ssmilarly in impSant nrnterials ^ch are used to be impianted in a tissue 
cesshilly or tor regonerating a tfeaio or for other pwposes. Thsretoro, even In tho cas® xsrhero tti© use of an organiOT- 
dorivcd msiicri^j is o^xxtcd to ^oduco do^n±3o results, insompotS)dity in biood group ccmrtot bo evofdcd ond causes 
5 the problem o7 rejection at the tima c7 tato or regenmtton of the t^e. The tenn ImplanT used herein means an arti- 
fcdaJ devico embedded or transplanted cnto tho body fbr medical purposes 

Further, the bovino^GrRfcd coUcgendGScr&cd abovo has a problem that it is lightly vveak in ntschanicaJ length 
when shaped Irito a ^efit or fiCmi^ easy to br^u/hsn used in a narrow v^c^. When this odiagen is used in art^dal 
bone or artif icml st^n. it tBS a problem of fragility in addifion to tho above-desat}ed problem of biocompatbHity. 

10 

g. QBJgCTS AMD SUMMARY OF THg IMVEMTIQM 

To^siard the solution of tho probl^ro dG3crft>ed dbovo, Gig mvontoiB of prossnt irvvention hesvo ntadQ intensivQ 
and extensive researches from a phytogenelic vie%;^nt As a result It has been oonfinned through a pt^logenetic 
IS study that the blood group substartcos and tho histocompa1&)il(ty antigens deserved atwve came into exist^ce at a 
^edfic stage of the Gvolutionai proems. Than, the invontors have actually made tissue transplantation experiments 
using ttiose animals r^esenSing various evolutiormi stages and enamined vvhether reaction for the tran^tanted graft 
occurs or not As a result it has been found that transptan^on of an sodract from a tissue of Chondrichthyes or a tissie 
rtself of Chondrichthyes muld not cause such rejection aitd that the estract from ihem are stronger. Thus, the present 
20 invention has be^ achieved. 

The present invention reiatGS to tsomoScal materials comprising an extract or an extirpated piece from a tissue of 
Chondrichthyes. Spedfloklly the extract nmy be collagen and the extirpated piece may be sidn. rmscular tissue or car- 
tilaga The knomedcal n^ersls of the invention nrmy further comprise I^GRyapa1it& The biomedical nraterials of the 
invention may further co3f?tpri3o ono or rrrar® oompourtds selected from the group consisting of hyaluronic acid, chon- 
25 droitin sulfate, amino adds arrd rtudeic actt£s. 

The present invention also relates to a method for producing tho btOTnsdical nsiteriate described above comprisirtg 
shaping an extract from a tis^xs of Chondrich^^^ into a sheet fim or yam. 

The present invention further relates to a method for producing the Uometfical nrsterials descritied above compris- 
ing mixing an odract from a tissue of Chondrichthyes and hydroxyapatite and sintering tho mixture at a lovv temperature. 

30 

a, PETAItnEP PESCRIPTION QFTtiR INVHfnQN 

As the Chondrichthyes to be ised for obtainir^ an extract or extirpated piece for pr^taring the biomedical materials 
of the invention, fishes belonging to Elaemobranchii which includes a number of sharks, re^ amJ slates are preferable. 

35 Among all, ^larts aro preferabla ^ecsTtc acamples of shcals include dog diark, plotted shartc dochizame and 
nekozama Specif tc examples of mys are stingray and sav^lsh. 

Specifically, the extract obtained from these Cttondric^ithyes is collagen. Collagen is a pecuHar fibrous protein found 
in every multicellular animal. Collagen is found mc^ abundantiy in nHmmals, amounting to 25% of tiie total protein. To 
date, seven genetically d^ngui^taUe collagen a Stains have b^ known, and type I. type II, type II, type IV and type 

^ V collagens are Ivio^m. Collagen rrsy bo obtained t>y extracting from various tissues. Fbr esampla vvhen eRtracting col- 
lagen from such as skin, tendon or Bgament. extraction is psrformed vvith acid and tiie extract is desalted to obtain a 
Icquid collagen. When cdlagen is extracted from bone or ebur dentis, arch a material is crushed and dealdfied with 
EDTA (ethylenediaminetetraace tic acid). The resultant inaduble collagen is suspended in a buffer and desalted by a 
combination of. tor example, heating treatment and enzym® digestion to tiiereby obtain a liquid collagen. Hereinafter, 

45 the collagen ttius obtained from sharts is called a shark-derived oollagen and tiie collagen thus obtained from rays is 
called a ray-derived coOagen. 

Specifically, the extirpated piece from these Chondrichthyes is skin, muscular or ovtilage tissue. Any piece of ^e 
skin tissue extirpated from the Chondrichthtes' body may be employed in the present invention, preferably tiie skin tis- 
sues from dorsum to abdomen, because a large piece of the t^sue is obtained. Skin comp osed of epidermis, oorium, 

50 and tera aitscutanea. artd tera aibcutanea is pretoebly omplc^ed from the view point of transplantation techniques and 
postoperative control for patients. Hereinafter, teia subcutanea is defined as the fbrous tela of which upper face con* 
nected to corium witti roticulo structuro, in which rough connectivo tissue and/br musde tissue, and connected to fascia 
through its lo^er faca 

Any piece of the rmsde tisue extirpated from the Chondrichthtes' t>ody may be empfoyed in the present invention. 
55 preferably the skin tissues from dorsum to sbdomon, be^iiso a largo piece of ttte tissue is obtained. 

The skin or muscle tissue obtained from Chondrichtht^ is washed vwth an large amount of st&iOzed saGne. and Is 
immesed it into the saline containing antiliiotics before use. Any generation or kird of antfoiotics may be employed in 
the present invention when it is for injection. Specific exan^es of such antftaotics are Shionnria Str^stonr^n. C^ 



tanms, Coflizaadniei CofnisnoDdnio. snd CcSopSTazono. 

The cartilage obtained from any emio^^on and/or oondrocranium tmy be enjoyed, and prefen^sly ^^snal oot- 
umn. in the vis^ point of the sze of extiTifated tisajes or ^tsnese of processng the extbpated tissue. 

Tho Gstrad or ostifpotcd picco from ^c^o Chondricd?^^^ is profcrdslo bccauso thoro no b^ood group sub- 
stance or n^or htstoc om pattoility antigen no antigsnicity) in the ostract (collagen) or the extirpated piece (sfom or 
muscular tissue) from drarte or rays which sro hrco»n es rejjresenfatives of andenl crganisiis living no». Furthsrmoro, 
since odlagen is pr^em almost in Uto fom of monomsr in tho fins and tho cartSage of sisrtts and rays, such collagen 
is ea^y to be purified, and collagen can be also obtained eaoly from their sMn and teeth kyy de^dfylrte. 

Sp^ic examples of tho blomstficai matenate o7 tho inventton cnclude vi^ound covers, artificaJ etdn, artif tdal bone, 
artifidal cartilage, artifical tendon and surgical sutura 

A v^ound cover is a thin ^eet-liSte notarial v^^hich is laed to block bacteria in^^ssmi from the outside to tiereby pre- 
vent infections and to oihtoit th© evaporation of moistuTo from tho insd® to thsrei^ prevent dehytSraSioa Wound covers 
are dassffled roughly into non-bioabsojbabSo typo and birabsoibabte typa. An bSosb^r&ffiblQ v^Uiitd cover meNs as it 
absorbes effi^ion, vvhile the shape of a non-b3oabso7t»ble one renrnirs un^ianged penrmnentiy. 

Artificial ^n is used for a severe sfan defect of second- or thifd-dsgree due to a burn or tho Gke. ArSficial sfdn is 
classified into tm typ^; one v^ich is composed of human d^mal cell free materials end the other one called "cuHured 
skin" which is obtained by two-dimensiorHyiy culturing hun^n dermal cells. The wound cover and/or artificial etcn of the 
present invention may be produced tff mbong collagen eodracted from Chondrichthtes and other neterials. Specific 
examples of the materials are chilin, chitcsan and oSher suitable polymers. When the wound cover and/or artificial skin 
is produced from collagen and other naterials, it may be leaped into various form such as a flat membrane sand a 
spongy layer to use distinctively depsnding on conditions or of damages. Altemadvely. the skin tissue are extir- 
pated from the shark, and the epdermis is removed by a &rsd paper with suitable roughn^ or a knife to treat an inor- 
ganic add to remove the rough connsctiv® tissue to obtain artifidal skin. The ^)ecrftc examples of the inorganic ectds 
are HCI and hypochlorita Since the biomedical n^erials of the invention comprise Cttondrichthyea^lerived collagen 
having no antigenicity, when they are used as an bfoabsoitable wound cover or the fbrmer type artSicial skin, they have 
advantages that success tato or implaritatkyn can be achieved and that a scar 
has been cured. 

Art^dal bone is a material which mainly effects as a aibstitute for bone the functions of load support load transfer 
and shape maintenance among th® flections of bone. Bone tissue plays two redes: one is to oorsfruct and nnuntain a 
body structure and the other is to stone calcnmi In catdum metabdism. Bone is composed of cells and osteoid, the cells 
being divided into osteroblastB produdng osteoid and o^eroclasts resorbing osteoid. a result of the functions of 
these two types of ceQs. formation and resorption called temodeJIing" is always effected in bone. 

Osteoid is composed of organic components amounting to 20% in the total weight and inorganic components 
smiounting to 80% of the total weight f>&iety percent of these or^rdc components is type I collagen and the major inor- 
ganic component is hydroxyapatite. Accordingly, it is preferred that a highly biocompalSsle artificial bone be composed 
of cdlagen and hydroxyapatite. Further, since bone Yms the functions of toad support, load transfer, etc. as described 
above, artifidal bone should have a aifTident strength to stand such loads. In addition, since artiftdal bone is grafted in 
the body to use for a long period of time, it is n^essary to use a collage tA^th no antigenicity. 

Hydroxyapatite otpr^ed by the fbmruila Caio(P04}5(OH)2 s one of the representative ealdum phosphate ceram- 
ics and is the major constituent mineral in bone and teeth. 

h4^droxya;»tite is the major component in those ntinerals constituting teeth and bone and excellent in biocompati- 
bilHy witii tissues. Hydroxyapatfte Nis been already commercialized as a bone fOler artd a bone-repladng material. 
Although sintered hycfroxyapatite 6 superior to bone in compr^ion strength and bemfing strength. Although the can- 
pr^ion strength, bending strength. Young's nrtoddus, etc. of a sntered hydroxyapatite vary depending on the treat- 
ment conditions, generally, very high values of about 900 kg/cm^ in compression strength and more than 700 kg/cm^ in 
bending sfrength are obtained. However, it has a di^dvantage of being weak against impact 

Hydroxyapatite mcf be synth^zed. tor example, by the wet method in which calcium ions and phcsphate ions are 
reacted in an aoueous solution at 100 ''C or below; by the dry method in which calcium arrd phosphoric add are reacted 
on a solid phase at a high temperature around 1000^0 in air or under a steam atmo^here; and by the hydrothermal 
method in which the syrrthesis is perfonned uang an aqueous solution reaction at a high temperature under a high 
pr^ure in an autoclave. Syntheazed hydroxyapatite nny be variously shaped using a m^ moid, rubber or the Gke. 
As a bsomaterial, hydroxyapatite may take the fbrm of a tight material, granules, powder or a porous material. 

The biomedical n^eriais of the inventton comprise hydroxyapatite and a cdlagen derived irom Chondrichtf^es 
having no antigenicity. In order to confier str&igth on an artifidal l>one. hydroxyafHtite and collagen need to be sintered. 
However, since cdlagen does not remain urtder standard sintering conditions (around lOOC'C), it is necessary to sinter 
them at a low temperature as desaibed later. The artifidal bone dt the invention simered at a low temperature has suf- 
fident strength in load supporting, eta and it does rrot cause inflammation or the Bke even if it has been embedded for 
a long time since it has no antigenicity. Artificial cartilage is a substitute for cartilage which is a support organ composed 
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of cartilage teue. Carliago is wsOdofflloped in ve rt e toates ami gsneiany 

tan, ^Is of tutnjlar organs sudi as thoro^trmoryt^ andt^o 6ka Csnitago 

tssua is one of f brous oonnecsiva ti&suas composfid of ^rtilago celte and cartilage masrk. (n cartilaga rmtrbc. collagsn 
amounts to 50-60% arrd glycosantnoglycans axsh as hyaturonic acd artd chsrtr^noitin sut^ ero also contamol 

5 The hydraxyapatite-cdtagen con^poate of ^ invenSon for use as a btomerS^ material & preferably a pc^er 
form, sheet form or porous form from the vis^pdnt of sh^jing and handlirtg. The partide size of this hydrexyapatite 
pot^^sr is not particularty limitGd as long as a amercd product can bo prepared aich as a motal mo!d and 

ber. Preferably, the size is s&astbJ micTOTnstars cr Ig^ As a hydrcscyaj^titia monafl isT. a/ch as APASERAMU (from 
Asahi Chsnriical Indi^&ry) may to gh/en. 

10 The artif tciat cartSago tit tho invention prafsr&bly contpn6C3 ono or more componGnfes selected from hyalurortic aod, 
chonxiroftin suXiatB, various nudeic adds and variois antino adds. In addition to the coOagsn and hydroocyapatfte 
descr8)ed above. 

As the artif idal cartitego of the present invonfion. the e»8!7pated f^ the eto/e-msniioned Chondrichthtes amy be 
employed, and the synthetic ones kyy Entering hydross^satite and other componer^ wdh as collagen way be ised. For 

15 example, when ^rpated is iscd, thQ spinal column is csttirpated from ChondrichSites. Then is shaped into a cube 
or pararellepipedon by using the tardfe. or a column by t^ng a trephina Aitemath/elythe artfftclal cartilage is produced 
by using collagen, hydroxiapatite, artd theabove^ention 6d ot h 6r comp onentaedegribedbeloyy.^ecific examples of the 
other compon&Tts are hyaluronic add. chondroitin suf^e. nucleic adds, and amino actd& When the artsTtdal cartilage 
of the present invention contains at least one component de»ibed above, its biocompatibility and lubltdty are both 

20 improved. 

Hyaluronic add is one of glyosaminoglycans made up of repsiitive disacdwide units of O- p *0-glucurono- 
syl(i->3}-N-acetyl-D-glyccsaminyl(l-{^). Hyaluronic add has a property of tending to a large quantity of water to form 
a gel and thus is necessary to dlo^fv joints to move smoothly. The f^uronic add used in the invention rnaf be a com- 
mercial hyaluronic acid. 

25 Chondroitin sulfate is one of glya^aminogly^ns distributed in ortilage and other connective tissues o? animals in 
general, and supports the da^dty and tsnsile strength of the tissues. In addition to a chondroitin sul^e comprisng O- 
p -O-GlucuronosylCI-^ 3)-N-ac6tyt-D-6al&ct03amine-^-sul^o units, one having a sultete group at position 6 of N-acetyl- 
gaiactosamine; one oomprieng N-acetyl^actosamine-4.6-<Sajlfate; one comprisng glucuronic add-2(or 3)-6uHate; 
and the like msLy be leed. 

30 The term "nudeic add" herein moans single- or doubSe-strended DNA or RNA. TTtose nudeic adds may be 
either drcular or linear, and their lengttH are not i^rticularly limited. 

The term 'amino acids" indudo. in €::d^on to ossontial an^no adds» aminoedipic add. aminocaprotc add, ethytg- 
lycine. methylvaJine. ornithine and other modified amino adds, artd those amryo adds which are not contained In ordi- 
nary proteins. Whh respect to it\&e nudesc adds and antino adds, commercial products from Sigma, for example, may 

55 be used. 

If one or more of these corrrponents are contained, it is preferable in pre^mring an artiTtciai bone, artificial c^lage 
or chamber which is excellent in tsnale ^rength and etastictty. Th® term "chamber^ used herein means an in vivo tisaje 
culture vessel made of artifical cartilage and art^dal bone in which the errvironmsnt of a living tx^dy is provided and 
which has an action of allowing a tissue to be bioavaflaUe. Each of the components mimerated above most appro- 
40 priate for the prej^ratton of a highly biooompatble artif ictal hone or artificial cartilage when contained at a ratio of about 
5-10% relative to the weight of the hydraxyapatite ised. 

When the artifldat sMn or airgical suture of the ^n^ention compi'^ng Chondrichthyes-derived collagen is prepared, 
it is preferred ttiat such biomesScal material be impregnated v^th antimicrobial agents and arrtfbiotics in additkin to the 
componei^ d^cribed abova By allowing them to contain those agents, biomedtcal materials with antimicrobial effect 
45 can be obtained. As antimjcrot»al agen^ any conventional antinncrobal agents nay used freely. Spedf tcally. suKa-type 
antimicrobial agents such as alver suHadiasino. zinc aiKadiazine and cerium suHacSazine; aminogtycosde type antimi- 
crobial agents such as gentamydn sulfate, streptomycin suNate and fradiomycin suttate; penicillin type antibiotics such 
as ampidilin and sodium methtdllin; and the like nay be used. 

In the preparation of the wound cov^ artd/or artffidal slQn of the inventic^ a mixture of Chondrichthyes-derived od- 
50 lagan and other components may bd shaped Into a flat msmbrane or a spongy layer. Alternatively, a layer containing 
the above odiagen may be laid upon another layer containing other oomponenta As other oomponents, polysaccha- 
rides atch as chitin artd chitosan; poSymer materials such as polyurethane; and the like may be enunt^ated. 

When the skin tissue of Chondrichthtes is used as the wound cover or artificial skin of the present invention, tiie 
epidermis is remove from the extirpated tissue to treat with an acid to make spongy rough connective tissue, as 
55 desatbed abova Alternatively, the wound cover and/br artificial sidn may be laid with some ottier components, for 
example, chitin. chitosan. and polyurethana 

The wound cover and^ artfftdal ^n of the invention is placed upon a site of tissue defect The artfficial sMn of the 
inventkin Is tor tightly adhering to the sito of wound. Even whoi ap;^6d to a wound a! a joint fite artiftdal skin <a tho 
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invention euffidonUy fbltovv the nnovGm^ of the jomi When eppGed to a nound vtfHh much efhxaon (ag., & bum), the 
artificial shin of thQ invention has at etSvantago that if snoO por^ havo boon provided in tho art^tcaJ ^dn in ^ivanco. 
moisture permeability is secured \sri$ioid re wa r l ffi Mo decrease In mechanical s&reng^ and thus ef?u^on doss not stag- 
nate betvt/een tho v^imded site and tho artStciai don. 
5 The wound cover or artifidai ^'n of the invention oomprsing Chondrichthyes-derived collagen is prepared, for 
exampla as described belo^. 

Coflagon is oa tracted and purffied from fir© of a shartt by conventional methods. The r^uttant coOagen is nada into 
a solutiGTi. v^/hich s c^cpratdy mwd xffi(&\ desired ooTTrpoTierTSs as de5crS>ed ciKsve endi diluted. Then, the reHiltant 
solution IS transferred to a vessel of an a pprop riate sso and freaze-dried to c^stain a ^^cnge. Tho size or thictoiess of 
10 this^nngaidnotpartcuteiriy Umitsd. tisssoisprefQrabjy lOx 10 cm or Comoro preferably stout 5x5 cm. 5x2 cm 
or2x1 cm. in viGKf of ^ness in (ondOng and storage. Its tMckness is preferably 1 mmortes&. When the thid9ie» 
is about 0.5 mn^ tho vvound cover or artifccial ston c^ed to 
tage that it adhere to the site dosQiy and the movcmsm 0? the jcM ^ 

The v!/ound cover or artif'tcial shin of the preserrt tTwention Corriprsing the sidn tisaje or fin extirpated from Chon* 
75 drichthtes is prepared, for oxamplo, as dosoibcd t^o^. 

The skin tissue with rough connectivQ tissuQ is oxtirpated from tho stcn of Chondrichthtes, for example, the shark, 
with acutting tool such as a mm. Then, the fard ^idermisof the extirpated tissue s removed by ueng the sand paper 
vifith suitable Na or the tanife. The r^uKant tissue s treated vvHh an inorganic acid such as hypochioride In suitable con- 
centration to form the spongy layer for the vmind cover and/or artificial ^n. The size or thickness of this ^songe is not 
so particulariy limited. Its size is preferably 10 x 10 cm or lo^ more preferably about 5x5 cm. 5x2cmor2x1 cm. in 
view of easiness in handOng and storage. lis thidoi^s is preferably 1 mm or less. When the thidoiess @ stout 0.5 mm. 
the wound cover or artificial skin appCed to a movable portion of tiie body such as a joint has the advantage that it 
adheres to ttie site dosely and follows the movement of the joint weQ. 

It is also pos^ble to prepare a surgical aiture by prejMVing fiber from the collage desaibed above and twisting up 
2S tiie fiber. Altematively. the f ber in the form of monofilament be used as a surgical sutura 

The fber preyed from tho coOagcn n^ bo braided or woven into a ribbon and used as m artifidai It^morrt or 
tendon. The thictoi^ of the f Qser to be pr^>ared nmy approprimely decided depending on its us® and is not partic- 
ulariy limited. If the fiber is tor use ^ an art^tcial ligament or tendon, bundles of fiber 100 ^m of less* preferably about 
60 Min in thidmess are braided to prepare a bratd& 
30 The wound cover or artificial sNin of ^ present inventton comprising the terulon or musde tissue extirpated from 
Chondrichttrt^ is prepared, for enample, as deserved bebw. 

In the preparation for the art^dal tertdon, tor Gsample. the terxton The skin is extirpated from the basal part of fin 
of Chondrichthtes. tor example, with tito cutting tool such es tiie saw. Then, the extirpated tissue is rentoved by using 
the sand paper witii suitable Ntoi or the krtifa The reailtant tissue is sftti^ 
ss to use the artificial tendon. In tho preparation tor tho artifidai musde, tiie extirpated musde tissue is ^milariy treated. 
When tiie size larger ttian 2 x 5 cm came& troubte tor application into tiie larg^* wound site, tiie tissue size b preferably 
2 X 5 cm or less. When tiie artifidai tendon or musde is applied on the wound site, tiiey amy be s^ed into suitable 
size or torm by using the cutting tod such as tiio knifa 

Once applied, the tiius prepared artvfictal skin, artifidai ligament and artifidai tendon become rapidly united witti tis- 
40 sues of the patient and do not li^ve a prominent scar bscause Chondridittiyes-derived cdiagea the nr^yor component 
of tiiese biomedical materials, is low in antigenicity. 

In the preparation of an artifidai bone or artificial cartilage, the above-mentioned collagen solution is mixed witii the 
hydroxyapatite desaibed above at a desired mixing ratio and tfien sintered at tiie low temperature with high pressure 
desaibed atove. The concentration of the oollag&i ^ution described ebove Is atout 1 to 5 %(wA/). preferably about 
46 2 %. The partide size of hydroxyapatite m about some lun or less, and Apaseram described above tmy be preferably 
used. 

The collagen solution is diluted by about 5 to about 30 times, preferably about a dozen times, and tiien mixed witii 
0.5 to 1 M of pho^hate solidion to obtain colEagen-ptto^zhato solution. Calcium hydroxide soluticm is prepared to mix 
wrtti the collagen-pho^fete solution to obtain tiie aqueous solution, and then the ^ution is mixed with hydroxyapatite 

50 to tonn precipitate. The mixing ratio (wA/) of the ebove coOagen solutton to tiie uHrafine hydroxyapatite powder is pref- 
erably from 0. 1 :9.9 to 2.0:8.0. When tills ratio is 1 .0:9.0. the material achieves an dfect that compression strengtii and 
bending strength are high and yet fragility is small. 

The water contents In the precollate formed is reduced wHh a suitable device, tor example, a lyophiOzer. and then 
is pack^ into a suitable wear to obtain the artifidai bone by sintering. The artifidai bone is produced by sintering at uHra 

55 high pressure witii low t&irperature in ^o presence of water. SpedficaOy. the sintering process 6 peitormed at ssveral 
thousands atoms with tiie temperature between about 35 to about 45 *C in tiie presence of water for several hours to 
a dozen hours. Preferat)ly. this sintering s done at 2.000 atoms, about 40^0 . for about 8 hours. When the artifidai tone 
is produced under such conditions, it has large strengtii without any denaturation of collagen. 
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Smalt pieces are shaped by various shaping methods w etc. For mmple. 

when a metal mold is used, a mixture of the a b ove-men ti oned mixing ratio is placed in the mold and sintered under an 

ultrahigh pressure at a low tenperature in the presence of water 

Such a sintered materia] may be either tight or porous. The size and shape of this sintered material are appropri- 
s ately selected depencfing on the site of applicatioa For exanple. when the sintered material is to be applied for filling a 

bone defect a rectangular parallepiped or a aJbe about 4x3x3 cm, 3x2x2 cm. 1 x1 x1 cm, 0.5 x 0.5 x 0.5 an or 

1 X 1 X 0.3 cm in size is prepared. 

Alternatively, ttie artificial cartilage with iubfidty is obtained by adding at least one component selected form other 

components such as amino adds, hyaluronic add. chondr oitin sUfate wtien the artifidaJ bone is produced. 
10 When the extirpated spinal column is used, the column is shaped into afaiod( with rectangular or circular section 

by using the knif^ or trephine to obtain the artfftdal cartilage of the present invention. The shaped cartOage is then 

washed in the large amount of sterOized salina The size of the cartilage is preferably 2 x 5 cm or less in the view pdnt 

of implant technique and good taking of the graft after transplantation. 

When the thus prepared piece is embedded in a site of kx>ne defect a good adhesion to the organism is achieved 
15 and tile piece readily undergoes remodeling because such artificial bone is low in antigenicity Ska the artificiai skin 

desabed above. Consequentiy. the time reqiBred tor the embedded bone to be reabsorbed and replaced with the 

newly formed. organisnnJerived bone and cartilage connective tissue is short Since the embedded bone is thus 

replaced with ttie organism-derived bone and cartilage connective tissue, the artHidal bone or tiie like of ttie invention 

has an advantage that it does not cause necrosis of ttie per^eral tissue. 
20 Furttier. ttie artifidal skin, tendon, bone cartilage or bone of ttie invention conprising a shark-derived collagen can 

be sterilized after shaping witti radiation or an ultrahigh pressure and can be stored aseptically at a tow temperature. 

From these Viewpoints also^ the materials of the invention are suitable as biomedical materials. 

Specifically, the biomecfical materials, which comprising cdlagen derived from Chondrichttites. of ttie present 

invention may be stored in saline tor about 6 montti at about -60 **C. 
2S Accordirxily. many sheets of ttie biomedical materials of the present invention is required urgentiy, the invention 

may respond to such requirements. 

PREFERRED EMBODIMENTS OF THE INVEhTTION 

30 . Hereinbelow. ttie present invention wai be desortoed more specifically witti reference to ttie following Examples, 
which are not intended to limit the scope of the present inventton. 

EXAMPLE 1 

35 Rejection in Qrafting using Shark derma 

One nekozame 60 cm in body lengtti and three dochizamees 100 cm in body lengtfi were used. The sharks were 
anesttietized by adding p-aminobenzoic add to the sea water in which ttiey were kept to give a concentration of 100 
ppm. A piece of the dorsal skin 2 x 2 cm togettier witti placoid scales was extirpated from each shark. The extirpated 
40 piece from ttie nekozame was grafted to one dochizame, and ttie extirpated piece from ttiis dochizame was ttien grafted 
to ttie netozame. Also, allografting was performed between ttie two remaining dochizamees. As a control, a dochizame 
was used. A piece of sMn 2 x 2 cm together with placoid scales was extirpated from ttiis f i^ In ttie same manner as 
desabed atxjve and this piece was returned to the cperation site. 

In botti heterografting and allografting, each skin graft was implanted successfully in two weeks after the operation 
45 wittiout causing reaction. Three months ttiereafter. re-grafting was performed between the two dochizamees which had 
undergone allografting. TYtis re-grafting was successful wittiout any particular problem. 

The gmft frem ttie nela>zame and the area surounding it were cornpletely covered witti placoid scales of ttie recip- 
ient dochizama The results are shown in Table 1. 

so 

Table 1 



Type of Grafting 


Graft 


Recipient 


Presence or Absence of 
Rfijection 


Successful Implantation 
Ratio (%) 


Heterografting 


Skin from docNzame 


Nekozame 


None 


100 


Allografting 


Skin from dochizame 


Dottiizame 


None 


100 
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A6 shown in TaUe l.inboffhaUogiaflingandhetBrogFaftingbetM^^ grafting with shark 

skin (fid not cause rejection. Furlhermore. neither inflanvnatton at the opeiBtion site nor separation of the graft was 

obsen^ed. 

9 EXAMPLE 2 

Rejection in Transplantation using Shark Musde 

From one of the dochizamees used in Example 1. a piece of muscle 5 x 5 x 8 mm wad extirpated. On the other 

10 hand, a portion of musde was extirpated from ttie dorsal musde and the femoral muscle, respectively, of a frog 
{Xenopus : body weight: 30 g) and the eDCtirpated piece from the dochizame was transplanted to the restAant vacancy. 

No rejection or necrosis was observed 24 hours. 48 hours, 96 hoirs, 14 days and 2 months after the transplanta- 
tion. 

Since such rejection or inflammation resuHs from the involvement of bkKxf group substances and histooompatbfltty 
15 antigens, it has been shown ttiat these sut^stances and arrtigens are not present in sharks. 

EXAMPLES 

Rejection of the Shark-Derived Collagen 

20 

A spongy sheet lyophilized from the collagen solution obtained from the group consisting of fresh skin, cartilages, 
by using conventional method, and fins was grafted on tiie dorsal mfide of dogs (adult: male; 30 kg)- 

The sheet was octirpated 24 hours, 48 houis. 96 hours, 14 days and 3 months after the operation and observed 
histopathologically As a result, no inflammation was induced. 
25 From the above, it has become dear that collagen derived from sharts, fitae fetal proteins, does not manifBSt anti- 
genicity wen when administered to a heterologous animal. In other words, it has t)een suggested ttiat no blood group 
substance a the Dks is present collagen derived from sharks. 

EXAMPLE 4 

30 

Preparation of an Artificial Bone 

The collagen concentration in the collagen solution obtained In Example 3 was aCQusted to 2%. Five hundred mil- 
liCters of the resultant odiagen sdution was diluted to 8 liters and mixed with 0.6 mole of phosphoric add to therek)y 
ss prepare a mixed solution of cdlagen and phosphoric add. 

One mole of calcium carbonate (CaCOa) was kept at 900^0 in air tor 10 hours. The thus formed caldum oxide 
(CaO) was crushed in a mortar to obtain fine powder, which was mixed with 3 liters of water to produce an aqueous 
calcium hydroxide (Ca(0H)2) solution. This aqueous Ca(0H)2 sdution was agitated vigorously and the collagen-phos- 
phoric acid mixed solution obtained above was added thereto slowly at room temperature, and thereby to prepare an 
40 aqueous suspension. The mixing ratio of collagen to hydroxyapatite was 1 :10. 

The precipitate formed was filtered and freeze^ried at -20°C until tiie moistire content of the predpitate became 
suitable for sintering. Then, this precipitate was filled into a metal container with a lid to purge air In It and sealed by 
welding the lid. Thereafter, the container was kept under 200 MPa at 40*C for 8 hours. 

A piece of artificial bone 22 mm in diameter and 50 mm in length was thus prepared. This artificial bone had an 
45 apparent density of 1 .75 mgAnl, a Young's modiius of 2 GPa and a compression strength of 6. 5 MPa. 

EXAMPLES 

Embedding of the Artif kaai Bone into an Animal 

so 

A hde was made in one of the ribs of a large aduH dog (German shepherd: male: body weight: 30 kg) and the arti- 
ficial bone obtained in Example 5 was implanted Into the hole. 

Two months after this operation, the portion of bone implanted was removed and enmined for inflammation and 
the state of assimilation. As a result, no inflammation was obsen^ed and it was found that the artificial bone inplanted 
55 was functioned to osteoanagenize as the dog'6 bona 
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Examples 

Implantation of the artificial eJon 

From one of the dochizame used in Esomple 1. a piece of elon tissue wHh squama plaooidea 5 x 5 on was extir- 
pated. The epidermis of the extirpated Issue was removed with the knifa The resUting tissue was immersed in saline 
containing 5% hypocNoride for about 5 minutes to obtain rough connective lissua The connective tissue was implanted 
as the artifldal skin of the present invention to the dorsal of SD rats from which sMn tissue was removed. Take of the 
grafts are obsen^ed as the same as done in Exanfjie a 

As a result no inflammation was observed during two months after the implantation, and the grafts were taken well 
to the dorsal of the hosts. Attematively, the epidermis of the rat iitfDIfutes into the inside of the ^aft from the per^ihery. 
Finally, the graft obtained from the dochizame was replaced by the ral^ own sW^ 

Example? 

Implantation of ttie biomaterial substitution for musde in aOograft 

The skin tissue of one dochizame in Exanrple 1 is dissected by using a saw, and a suitable size of the musde tissue 
is extirpated with the knife. The tissue was sliced In the thickness of 1 to 5 cm. and then frozen and stored in -40 ""C. At 
the time of inplantation. the frozen tissue was thawed to be washed in the large volume of the sterifized saline. Then, 
from the washed tissue bacteria were deleted by washing in the sterilized saline containing 50 UAnL of ShkHnarin. After 
this treatment the tissue was implanted into femoral muscle of two dogs( both aduit: body weight 30 kg and 15 kg). 

The take of the graft was observed after 24 hr. 48 hr. 96 hr. 7 days, 14 days, 3 month from the implantation as the 
same as Exanrpie 3. 

As a resiJt no inflammation was observed, and the grafts were taken well. Furthermore, when 2 months have past 
from tile implanlation. the grafts from dochizame was replaced by tie dogs' own tissues. 

Examples 

Preparation of the artificial cartilage 

The aqueous calcium hydraoode (Ca(0H)2) solution was prepared as the same as Example 4. On the ottier hand, 
hyaluronic add of which vra^ is five % of that of hydroxyapatite and the same weight of amino adds were added to 
coflagen-phosphate solution prepared similarty to that in Esu^ple 4 to obtain ooUagen-phosphate mixed solution. 

The aqueous caidum h^droodde solution was then stirred vigorously, and the mixed solution was added slowly at 
room temperature to prepare aqueous suspension. The mixing ratio of collagen to hydroxyapatite was atxiut 10:1(v^v). 

Then, the precipitates were fBtered to lyophiiized urttil the water content in ttie predpitate was suitable for sintering. 
This predpitate was charged into a metal wear. Then the air in ttie wear was purged through the nedc of the wear, and 
the neck was welded to sinter 200 MPa at about 40 ""C fbr about 8 hours. 

The artifidal cartilage of which size is 22mm in diameter x SO mm in length. 

Example 9 

Implantation of the artifidal cartilage of ttie present invention 

A hole was made in femoral musde of the large adult dog(Qennan shepherd; male: body weight 30 kg) . The arti- 
fidal cartilage obtained in Exanple 9. which was treated similariy to that done in Example 6. was inrplanted into ttie 
hole. 

After 24 hr. 48 hr. 96 hr, 7 days. 1 4 days. 3 monttis from the operation, the corxfition of the graft part was observed. 
No rejection was observed, and ossification was observed in the part of ttie implanted artifidal cartilage. Accordingly, it 
is suggested ttiat ttie artifidal cartilage would functkyi as the cartilage when it is implanted Into any jdnt 

According to ttie present invention, biomecfical materials comprising an extract from Chondrichttiyes which are 
appOcable to artifidal bone, artifidal cartilage, artifidal tendon, artifidal sMn and surgical suture, and a mettiod Ibr pre- 
paring these biomedical materials are provided. 

The artifidal bone of ttie invention is obtained by sintering collagen togettier witti hydroxyapatite under an uttrahigh 
pressure at a Im temperature In ttie presence of water. Thus, it has suffident strengtti to perform ttie functions of load 
supporting, etc. as well, as high in biocompatibility. When ttie artffidal bone of ttie invention furttier comprises hyaluronic 
add and/or chondroitin sulfate, excellent lubricity is confen-ed on ttie artificial bona Since ttie artifidal bone or cartUage 
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of the irwentton has a conposition close to that off nature 
goes remodeiing. 

The wound cover and artfficial sMn of the invention conprise Chondrvhthyes-derived collagen having no antigenic* 
ity and being highly btoconpaiibile. Thus, they do not cause rejection nor jn ftai iii iat ion when applied. Furthermore, 
since they are also superior to conventional collagen in mechanical strength, they are hard to tear, good Ibr tightly 
adhering and capaiale of follming the mnrement of a joint wefL 

Accordingly, ttie biomecficaJ materials of the invention are suitable for use in the case of a severe bum, partial 
removal of an organ, removal of a bone or joint or the like as a sUstitute for the natural counterpart Fi^er. the bio- 
medical materials of the invention have an advantage that they do not leave a promnent s^ 
cured. 

The biomedical materials of the invention comprising a sharl«ierived collagen is capable of UV sterilization, high 
pressure sterilization and the I3«s after final shaping. 

Claims 

1 . A biomedcal material comprising an extract or an extirpated piece from a tissue of ChorKfrichthye& 

2. The biomedical material of claim 1 . wherein the eodract is collagen. 

3. The biomedical material of claim 1 , wherein the extirpated piece is skin, muscular, and cartilage tissue. 

4. The biomedical material of claim 1 or 2. which further comprises hydroKyapatite. 

5. The biomedical material of daim 1 or 2. which further comprises one or more compounds selected from the group 
consisting of hyaluronic acid, chondroitn suttate. amino acids and nudelc adds. 

6. A method for preparing the biomedical material of claim 1 or 2. conrprising shaping an extract from a tissue of 
Chondrichthyes into a sheet film or yam. 

7. A method for preparing the biomedical material of daim 4 or 5. comprising mixing an extract from a tissue of Chon- 
drichthyes with ^roxyapatite and sintering the resultant mixture at a low temperature. 
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